The pace of scientific discovery is not always a steady jog, but moves in sudden bursts followed by long periods of quiescence. Translational control was proposed as an important mode of gene regulation in the male germ line of vertebrates during groundbreaking work on protamines by Gordon Dixon in the 1970s [1] . His group learned to isolate protamine mRNA from 3 cellular fractions: the nucleus, ribonuclearprotein complexes (RNPs), and polysomes, and observed striking differences in the distribution of the transcript among these compartments throughout spermatogenesis. This led them to propose a model where protamine mRNAs are produced much earlier than they are translated, and where many of these "translationally controlled" transcripts are stored in RNPs for some time before being moved to the polysomes during spermiogenesis. The biological significance of this strategy becomes evident when considering the waves of transcription silencing during spermatogenesis. Chromatin availability is limited by its condensation from mid spermiogenesis onwards, and mRNAs required for these stages are transcribed earlier and stored for further use. Over the following decades, using single-gene studies, other groups showed that this process of translational control applied to other genes, and began to identify candidate RNA-binding proteins (RBPs) that may mediate this process [2] [3] [4] . When the first gene expression microarrays began to emerge, Dr Norman Hecht revisited this problem and provided the first comprehensive picture of translational control, identifying over 700 transcripts that are first stored in RNPs prior to moving to polysomes. Nonetheless, major questions remained unanswered, such as, "How are translationally controlled mRNAs recognized and targeted for control?" Now, over 10 years after the first survey of translational control in spermatogenesis, an important new study by Zhang et al. provides a model to answer this question [5] . In this study published in Genome Biology, Zhang et al. isolated and sequenced mRNA and small non-coding RNA (sncRNA) from polysomes and RNPs isolated from pachytene spermatocytes, round spermatids, and elongating spermatids. They first find that, when considering pachytene spermatocytes and round spermatids, different small RNA species are enriched in RNPs (snRNAs, tsRNAs, miRNAs, and endo-siRNAs) and in polysomes (snoRNA and rRNAs), and there are, overall, far more sncRNAs in RNPs than in polysomes. However, this enrichment goes away in elongating spermatids, mostly due to the mass migration of miRNAs from RNPs to polysomes. Similar patterns emerge when studying proteincoding mRNAs: mRNAs in RNPs have shorter 3'untranslated regions (UTRs) than those in polysomes, and these differences are consistently seen across all germ cell types. Remarkably, the miRNAs in RNPs tend to target the mRNAs found in RNPs, suggesting a functional link between miRNA abundance and the cytoplasmic localization of mRNAs in either RNPs or polysomes. The evidence for a functional link grew stronger when the authors observed that mRNAs with miRNA bound close to the stop codon are sequestered in RNPs, while mRNAs with more distal miRNA binding move to the polysomes. And, most rigorous of all, disruption of miRNA production by inactivation of the gene Drosha, ribonuclease type III (Drosha) destroys most of the patterns of cytoplasmic transcript localization seen in wildtype: 3'UTRs were shorter in polysomes than in RNPs, and the enrichment of total mRNAs in RNPs compared to polysomes were abolished. Provided with these striking data, the authors propose a new mechanism by which miRNAs mediate the fate of newly synthesized mRNAs in germ cells (Figure 1) . Depending on the length of the 3'UTR and the distance of miRNA binding-sites to the stop codon, transcripts are targeted for either translation or storage in RNPs. During the pachytene stage of meiosis, transcripts with short 3'UTRs and proximal miRNA binding sites become silenced in RNPs, whereas those with longer 3'UTRs and distal binding sites are directed to translation or degradation. As spermatocytes differentiate into round spermatids, a new wave of transcription produces miRNAs that will, in a similar fashion, direct mRNAs towards RNPs or polysomes. Importantly, some of these new miRNAs will also bind distal sites in 3'UTRs of silenced mRNAs within RNPs and promote their translation. This results in an enrichment of mRNAs with progressively shorter 3'UTRs in RNPs from spermatocytes to spermatids. Finally, when transcription ceases in late spermiogenesis, miRNAs and their target transcripts shift out of RNPs and mRNAs are directed to polysomes for translation.
It is noteworthy that many other factors are now known to control the fate of mRNAs in germ cells [6] . These include RBPs, which bind to the 3'UTRs of their mRNA targets [7] , and another class of sncRNAs, the pachytene piRNAs, which play an essential role in transcript silencing via the piwi-like RNA-mediated gene silencing 1 (PIWIL1, previously known as MIWI) protein [8] . As no evidence was found for differential piRNA enrichment in RNPs of different germ cells, these sncRNAs were not a focus in this study. It would be interesting to test whether this novel mechanism is piRNA-dependent by looking at the enrichment of mRNAs and miRNAs in the RNPs of mice lacking PIWIL1.
In general, this conceptual model for how spermatogenic cells control cytoplasmic localization for transcripts opens up many new questions. For instance, what are the proteins that mediate the movement of mRNAs around the cytoplasm? Are all RNPs randomly distributed within a single cytoplasmic compartment, or is there even more fine-scale organization? It seems that we are just starting to grasp the fascinating and complex mechanisms that regulate protein production in cells. Indeed, a recent study by Simsek et al. has identified hundreds of ribosome-associated proteins, which confer specialized functions to ribosomes, further supporting the ribosomefilter hypothesis [9] . Amongst these were factors known to modulate posttranscriptional mRNA modifications.
Further investigation of the mechanisms that control mRNA fate could unveil key players that regulate temporal expression and protein diversity in cells. Can we produce a wiring diagram or central dogma for the "RNA world" in the cytoplasm, akin to our familiar models of how DNA→mRNA→protein? Such knowledge would be fundamental to understand many aspects of cellular biology. In the context of male reproduction, it would help to elucidate the mechanism of germ cell differentiation and potentially identify novel causes for abnormal phenotypes. As researchers dig deeper into this matter, it will be exciting to witness the discovery of new molecular mechanisms regulating cell function.
